Cardioprotective effects of normothermic reperfusion with oxygenated potassium cardioplegia: a possible mechanism.
Na(+)/K(+) pump activation induced by normothermic reperfusion with high potassium cardioplegia may exert a protective effect on reperfusion-induced myocardial damage. We investigated (1) temperature dependency and extracellular potassium dependency of the Na(+)/K(+) pump current (Ip), (2) effects of high potassium or ouabain during reperfusion on the post-ischemic left ventricular (LV) function. Ip-voltage relation was constructed at 5.0 and 20 mM of KCl (37 degrees C) using a whole-cell clamp technique in guinea pig myocytes. Ip at -40 mV was measured at 37, 27 and 18 degrees C (KCl: 5.0 mM). Isolated rat hearts were Langendorff-perfused and subjected to 20 min of global ischemia (37 degrees C) followed by 35 min of reperfusion (37 degrees C). The post-ischemic recovery of LV developed pressure (%LVDP) was assessed in the four reperfusate groups (4.8 mM KCl, 10 mM KCl, 20 mM KCl, or 4.8 mM KCl plus 50 microM ouabain during the first 10 min of reperfusion). The 4.8 mM KCl and 10.0 mM KCl groups were compared under metabolic inhibition (glucose-free, NaCN, or hypoxia) during reperfusion. The Ip-voltage relation shifted upward when extracellular KCl was increased from 5.0 to 20 mM. Ip was significantly greater at 37 degrees C than at 18 degrees C (114.3+/-17.2 vs. 22.7+/-1.2 pA, respectively). %LVDP was significantly greater at the 10.0 mM KCl group than at the 4.8 mM KCl group (54.9+/-5.5% vs. 34.2+/-5.9%, respectively). Metabolic inhibition abolished the difference between the two groups. Ouabain significantly decreased %LVDP (15.9+/-1.6%). Potassium-induced cardiac arrest during normothermic reperfusion may exert a cardioprotective effect by inducing Na(+)/K(+) pump activation, which may be supported by aerobic metabolism during reoxygenation rather than by energy saving during cardiac arrest.